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(54) ARC TYPE EVAPORATING SOURCE 
(57)Abstract 



PROBLEM TO BE SOLVED: To provide an arc type evaporating source capable 
of reducing droplets scattered from a cathode, having a wide film forming region :^0:7-<^ji«lfi 
of high film thickness uniformity and long in the service life of the cathode. 
SOLUTION: This arc type evaporating source 2a is provided with a magnetic coil 
8a forming the magnetic field in which the intensity on the evaporating face 5 is 
≥700 Oe in the region including the evaporating face 5 of a cathode. 
Furthermore, this magnetic coil 8a generates a magnetic line of force 12 
parallely progressing or scattered without focusing in front of the evaporating 
face 5, and is the one in which the angle between the normal provided at an 
optional point within the evaporating face 5 and the direction of the magnetic 
line of force 1 2 in this point is 0 to 30 degrees. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the arc formula evaporation source which melts cathode and evaporates the cathode matter by arc 
discharge The strength in the concerned vaporization side equips the field containing the vaporization side which 
evaporates the cathode matter of the aforementioned cathode with a magnetic-field formation means to form the 
magnetic field of 700 or more oersteds, moreover, this magnetic-field formation means The arc formula evaporation 
source characterized by being the line of magnetic force emitted [ which is emitted and parallel-advances ], without 
converging in the front of the vaporization side of the aforementioned cathode, and the angle with the orientation of 
the normal stood to the arbitrary points within the concerned vaporization side and the line of magnetic force in the 
concerned point to accomplish being what generates the line of magnetic force of 30 or less degrees 0 times or more. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention puts the cathode matter on the front face of bases, 
such as for example, a tool metallurgy type, is used for the thin film deposition system (this is also called arc formula 
ion plating system) which consists of the concerned cathode matter or forms the thin film which consists of the nitride 
of the concerned cathode matter, an oxide, etc., and relates to the arc formula evaporation source which melts cathode 
and evaporates the cathode matter by arc discharge. 
[0002] 

[Description of the Prior Art] The cathode matter ion ionized by the arc plasma produced near the cathode is contained 
in the cathode matter evaporated by the arc formula evaporation source at a remarkable rate. The arc formula 
ion-plating method or arc formula ion plating system which draws this cathode matter ion in a base by the electric field, 
and forms a thin film in a base front face It has an advantage, like the membrane formation speed with the sufficient 
adhesion of a thin film is large, and is widely used as a means to cover a metal membrane and a ceramic layer on front 
faces, such as a tool metallurgy type. The thing with membranous sufficient adhesion is because the cathode matter 
ion contained in the cathode matter can be drawn in a base and can be made to collide by the electric field by the 
negative bias voltage etc. The thing with a large membrane formation speed is because cathode is melted using arc 
discharge. 

[0003] However, if this carries out incidence adhesion at the thin film formed in a base front face, the big and rough 
grain called drop let will be contained in the cathode matter generated from the above-mentioned cathode, the smooth 
nature of the concerned thin film is spoiled, the life of a tool etc. will be shortened or the appearance of a thin film will 
be spoiled. 

[0004] In order to reduce such drop let, the arc formula evaporation source which forms a magnetic field near the front 
of cathode is already proposed. The example is shown in drawing 12 . 

[0005] This arc formula evaporation source 2 is not indicated by JP,5~1 71427A produces arc discharge between the 
anode plates (anode) which are not illustrated with cathode (cathode) 4, by this arc discharge, melts cathode 4 and 
evaporates the cathode matter 6. Cathode 4 consists of a metal. The field which evaporates the cathode matter 6 of 
this cathode 4 is the vaporization side 5. The front of this vaporization side 5 (namely, the vaporization orientation of 
the cathode matter 6.) The plasma (namely, arc plasma) by arc discharge is generated by the same neighborhood below, 
and the cathode matter ion ionized by this plasma is contained in the above-mentioned cathode matter 6 at a 
remarkable rate. 

[0006] By arranging the base 18 ahead of this cathode 4, this base 18 can be made to be able to carry out the 
incidence deposition of the above-mentioned cathode matter 6, and a thin film can be formed. In that case, it can turn 
to a base 18, can accelerate, and the cathode matter ion contained in the cathode matter 6 can be made to collide with 
a base 1 8 with this negative bias voltage by impressing negative bias voltage to the base 1 8 at it Moreover, if the 
reactant gas (for example, nitrogen, oxygen, a hydrocarbon, etc.) which reacts to the surroundings of a base 18 with the 
cathode matter 6 is introduced, the cathode matter 6 and this reactant gas can react, and a compound (ceramics) thin 
film can be formed in the front face of a base 1 8. 

[0007] Furthermore, this arc formula evaporation source 2 forms the cylinder-like magnetic coil 8 near the front of 
cathode 4, forms the core 16 of the shape of two steps of rings in the interior, and is made to form the convergence 
field 14 of line of magnetic force 1 2 near the core of a magnetic coil 8 (i.e., near the front of cathode 4) by these. It 
becomes and is strong and, as for the magnetic field strength in this convergence field 14, the drop let contained in the 
cathode matter 6 890Oes (oersted) or 1450Oes, and by a concentration of a plasma happening to the concerned 
convergence field 14 by the strong magnetic field, and recycling drop let in this plasma (decomposition and reuse) is 
reduced. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned arc formula evaporation source 2, in order 
that the convergence field 14 of line of magnetic force 12 may be formed ahead of cathode 4 and a plasma may 
converge on the concerned convergence field 14, the cathode matter ion contained in the concerned plasma also has 
comparatively sharp directivity in response to convergence, and the technical probrem that a membrane formation field 
is limited to the parvus circular field ahead of cathode 4 occurs in the installation position of a base 18. Consequently, 
the high membrane formation field of thickness homogeneity is narrow, therefore the field in which a base 18 can be 
installed in membrane formation aiming at mass production method will be restricted, and a productivity does not 
improve. Moreover, when a base 18 is large-sized, the big un uniformity to a thickness arises by the site in a base 18. 
[0009] Moreover, as shown in drawing 13 , it is known that the arc spot 22 of arc discharge 20 has the property which 
is easy to move to orientation A to which line of magnetic force 12 inclines to acute-angle alpha in the vaporization 
side 5 of cathode 4, and the arc spot 22 comes to carry out the localization of the case of this conventional technique 
to the core of the vaporization side 5 with this property. 24 is the medial axis of cathode 4. Since only the core of 
cathode 4 is exhausted extremely and it stops obtaining the predetermined vapor rate of the cathode matter 6, as a 
result the predetermined membrane formation speed to a base 18 in short time so that it may be shown in the result 
14. for example, drawing , the technical probrem are short also has the life of cathode 4. Consequently, while cathode 4 
must be exchanged frequently and membrane formation luminous efficacy falls by it, a cost also increases. 
[0010] In addition, the configuration of cathode 4 is not limited to a specific thing, also has the case of the shape of a 
truncated cone which is shown in drawing 14 (and drawing 8 , the drawing 9 , drawing 1 1 ), and, also in cases, such as 
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the shape of the shape of a rectangular parallelepiped which is shown in the other drawing, and a cube, and tabular, is. 
[001 1] Then, this invention can reduce the drop let which disperses from cathode, and, moreover, the high membrane 
formation field of thickness homogeneity sets it as the main purpose to offer the long arc formula evaporation source 
of a cathode life widely. 
[0012] 

[Means for Solving the Problem] The arc formula evaporation source of this invention is equipped with a magnetic-field 
formation means by which the strength in the concerned vaporization side forms the magnetic field of 700 or more 
oersteds in the field containing the vaporization side which evaporates the cathode matter of the aforementioned 
cathode. And this magnetic-field formation means is line of magnetic force emitted [ which is emitted and 
parallel-advances ], without converging in the front of the vaporization side of the aforementioned cathode. The angle 
with the orientation of the normal stood to the arbitrary points within the concerned vaporization side and the line of 
magnetic force in the concerned point to accomplish is characterized by being what generates the line of magnetic 
force of 30 or less degrees 0 times or more. 

[0013] According to the above-mentioned configuration, by the magnetic-field formation means, since the magnetic 
field strength in the vaporization side of cathode forms the magnetic field of 700 or more Oes, the electron which 
jumped out of the vaporization side can be powerfully caught near the front of the concerned vaporization side by this 
quite strong magnetic field, and a high-density plasma can be generated near the front of a vaporization side. Since the 
drop let contained in the cathode matter which evaporates from cathode by this high-density plasma can be 
decomposed efficiently, the drop let which disperses from cathode can be reduced. 

[0014] And since the above-mentioned magnetic-field formation means generates the line of magnetic force emitted 
which is emitted and parallel-advances ], without converging in the front of the vaporization side of cathode, cathode 
matter ion will be emitted along with this line of magnetic force, and does not receive convergence in the front of a 
vaporization side. Consequently, the radiation zone of cathode matter ion becomes large compared with the 
conventional technique, therefore the high membrane formation field of thickness homogeneity also becomes large. 
[0015] Furthermore, since the angle with the orientation of the normal stood to the arbitrary points within a 
vaporization side and the line of magnetic force in the concerned point to accomplish generates the line of magnetic 
force of 30 or less degrees 0 times or more, the above-mentioned magnetic-field formation means or it does not 
concentrate the arc spot in a vaporization side on the core of a vaporization side like the conventional technique and it 
moves the inside of a vaporization side at random (when the above-mentioned angle is 0 times) — a vaporization side 
— it comes (in the case [ The above-mentioned angle 0 times size ] of 30 or less degrees) to go outside approach 
around a little Since such a motion of an arc spot makes the whole vaporization side exhausted and uses the 
vaporization side of cathode uniformly anyway, making about 1 appearance exhaust the whole vaporization side of 
cathode, or putting specific gravity on outside approach a little, it can lengthen the life of cathode. 
[0016] 

[Embodiments of the Invention] Drawing 1 is drawing showing an example of the arc formula evaporation source 
concerning this invention. Drawing 2 is drawing expanding and showing the example of the status of the line of 
magnetic force in near the vaporization side of the arc formula evaporation source of drawing 1 . The same sign is 
given to the conventional example, the identity, or the corresponding fraction of drawing 12 , and the difference with 
the concerned conventional example is mainly explained below. 

[001 7] This arc formula evaporation-source 2a equips the field containing the vaporization side 5 of the cathode 4 
which was mentioned above with tubed (the shape of a cylinder [ Specifically ]) magnetic-coil 8a wound around the 
surroundings of the vaporization side 5 as an example of a magnetic-field formation means to form a magnetic field in 
the field which more specifically lasts ahead [ the ] from the concerned vaporization side 5 at least. This magnetic-coil 
8a is excited by the coil power 10, and forms the above-mentioned magnetic field. The example of the line of magnetic 
force 12 which this magnetic-coil 8a makes all over drawing is shown typically. 

[0018] As for this magnetic-coil 8a, the strength in the vaporization side 5 of cathode 4 forms the magnetic field more 
than 700Oes (oersted). In this case, as for the physical relationship of the vaporization side 5 and magnetic-coil 8a, it is 
desirable to consider as the position where a part of magnetic-coil 8a laps with the flat surface 26 which extended the 
vaporization side 5 virtually, and if it is made such, since the vaporization side 5 will be located in the field where the 
magnetic field in magnetic-coil 8a is strong, it becomes easy to form the magnetic field of the above-mentioned 
strength in the vaporization side 5. 

[0019] This magnetic-coil 8a generates the line of magnetic force 12 emitted outside toward parallel advance or the 
advance orientation, without converging in the front of the vaporization side 5 of cathode 4. Specifically, in this 
example, the convergence field 14 of this line of magnetic force 12 is more back (that is, contrary to the vaporization 
orientation of the cathode matter 6) than the vaporization side 5. and line of magnetic force 1 2 is emitted a little, 
without converging in the front of the vaporization side 5. In addition, since it does not become narrowing the radiation 
zone of cathode matter ion by the concerned line of magnetic force 12 if it does not converge in short although what is 
emitted a little in the front of the vaporization side 5 is desirable as for line of magnetic force 12, line of magnetic force 
12 may progress in parallel in the front of the vaporization side 5. <BR> [0020] And angle theta of normal N which 
stood this magnetic-coil 8a to arbitrary point P within the vaporization side 5 of cathode 4 with reference to drawing 2 , 
and orientation H (this is the same meaning as the orientation of the magnetic field in the concerned point P) of the 
line of magnetic force 12 in the concerned point P to accomplish generates the line of magnetic force 12 of 30 or less 
(namely, 0 degree<=theta<=30 degree) degrees 0 times or more. 

[0021] According to this arc formula evaporation-source 2a, by magnetic-coil 8a, since the magnetic field strength in 
the vaporization side 5 of cathode 4 forms the magnetic field of 700 or more Oes as mentioned above, the electron 
which jumped out of the vaporization side 5 can be efficiently caught near the front of the concerned vaporization side 
5 by this quite strong magnetic field, and a high-density plasma (arc plasma) can be generated near the front of the 
vaporization side 5. Since the drop let contained in the cathode matter 6 which evaporates from cathode 4 by this 
high-density plasma can be decomposed efficiently, if the drop let which disperses from cathode 4 is pulled, the drop 
let which reaches a base 18 can be reduced. Consequently, since the smooth nature of the thin film formed in the front 
face of a base 18 can be raised (that is, field relative roughness is made good), the life of the tool metallurgy type 
which covered the concerned thin film can be lengthened. Moreover, if the appearance of the concerned thin film is 
attracted, the appearance of the product which covered the concerned thin film can be made good. Therefore, it is 
enabled to apply this arc formula evaporation-source 2a also to membrane formation in the field which field relative 
roughness was bad and has not applied conventionally. 
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[0022] For example, with reference to drawing 3 , membranes are formed to the base 18 of the place distant [ Z= 13cm 
of distance ] from the vaporization side 5 of cathode 4. When the drop let on the front face of a base on the medial axis 
24 of the vaporization side 5 (namely, position of L= Ocm of the distance from the concerned medial axis 24) is 
measured, as shown in drawing 4 By setting magnetic field strength in the vaporization side 5 to 700 or more Oes, it 
was confirmed that the number of drop let adhering to a base front face can be reduced remarkably. 
[0023] The electron microscope photograph on the front face of a base in case the above-mentioned magnetic field 
strength is 60Oes is shown in drawing 5 , and it in 1200Oe is shown in drawing 6 . The round thing in both drawings is 
drop let, and it turns out that drop let is decreasing remarkably in drawing 6 . 

[0024] In addition, above-mentioned view 4 - view 6 and the example of drawing 7 mentioned later are the results at 
the time of attaching in a vacuum housing the above arc formula evaporation-source 2a which has the cathode 4 which 
consists of Ti. introducing Ar gas in the concerned vacuum housing, maintaining the pressure in the concerned 
container at about 4 mTorrs, and forming Ti thin film in a base front face by arc current about 60 A. Above-mentioned 
angle theta of the line of magnetic force 12 in that case is about 10 degrees. 

[0025] And since this arc formula evaporation-source 2a generates the line of magnetic force 12 emitted [ which is 
emitted and parallel-advances ], without converging in the front of the vaporization side 5 by the above-mentioned 
magnetic-coil 8a, the cathode matter ion contained in the cathode matter 6 will be emitted along with this line of 
magnetic force 1 2, and does not receive convergence in the front of the vaporization side 5. Ion is because it can draw 
near to the electron flow caught by line of magnetic force 12 and it goes on along with line of magnetic force 12. 
Consequently, the radiation zone of cathode matter ion becomes large compared with the conventional technique, 
therefore a homogeneous high membrane formation field also becomes targe. 

[0026] For example, the result which measured the distribution of the membrane formation speed within the field of the 
fixed base 1 8 left distance Z from the vaporization side 5 of cathode 4 is shown in drawing 7 . Drawing 3 explains 
previously the distance Z and L in this drawing, and they is Z= 13cm also in this example. Above-mentioned angle theta 
of the line of magnetic force 12 in that case is about 10 degrees according to the above-mentioned arc formula 
evaporation-source 2a in the example in drawing 7 . Above-mentioned angle theta of the line of magnetic force 12 in 
that case is [ about ] according to the conventional arc formula evaporation source 2 which showed the example of a 
comparison in drawing 7 in drawing 12 . -It is 5 times (on these specifications, since above-mentioned angle theta 
makes the vapor orientation positive, negative means convergence). 

[0027] In the case of an example, it is [ in / the field where the homogeneity of a membrane formation velocity 
distribution is large / compared with the example of a comparison ] very high as shown in this drawing 7 . If it puts in 
another way, this means that the membrane formation field of thickness homogeneity where the example is higher is 
large for whether it being **, and has it Consequently, since it is enabled to form membranes with sufficient thickness 
homogeneity to a lot of bases 18 at once according to this arc formula evaporation-source 2a, or since it is enabled to 
form membranes with sufficient thickness homogeneity to the large-sized base 18, the productivity of membrane 
formation improves. 

[0028] furthermore — since above-mentioned angle theta of line of magnetic force 12 is made into 30 or less degrees 
0 times or more, or it does not concentrate the arc spot in the vaporization side 5 on the core of the vaporization side 
5 like the conventional technique and it moves the inside of the vaporization side 5 by this arc formula 
evaporation-source 2a at random (in the case of theta= 0 degree) — the vaporization side 5 — it comes (in the case 
of 0 degree<theta<=30 degree) to go outside approach around a little Since such a motion of an arc spot makes the 
vaporization side 5 whole exhausted and uses the vaporization side 5 of cathode 4 uniformly anyway, making about 1 
appearance exhaust the vaporization side 5 whole of cathode 4, or putting specific gravity on outside approach a little 
as shown in drawing 8 , it can lengthen the life of cathode 4. Consequently, it is enabled to carry out without exchange 
of cathode 4, and the productivity of prolonged membrane formation of membrane formation improves. Moreover, since 
the exchange frequency of cathode 4 decreases, a cost is also reducible. 

[0029] Incidentally, in theta> 30 degrees, since the radiation orientation of the cathode matter 6 spreads too much and 
the membrane formation speed to a base 1 8 falls while the outside of the vaporization side 5 comes to be exhausted 
extremely and the use luminous efficacy of cathode 4 gets worse, as an arc spot approaches outside too much, for 
example, it is shown in drawing 9 , it is not desirable. 

[0030] When theta is negative, it is that line of magnetic force 1 2 converges in the front of the vaporization side 5, and 
is equivalent to the conventional technique mentioned above. 

[0031] In addition, while it becomes easier for the magnetic reluctance of the path of line of magnetic force 12 to fall 
near, and to strengthen the magnetic field in the vaporization side 5 near like the example shown, for example in 
drawing 10 , since line of magnetic force 12 comes to pass along the inside of this ferromagnetic 30 near the back 
section of magnetic-coil 8a, if the annular ferromagnetic 30 may be formed and it is made such with tabular so that the 
surroundings near the back section of cathode 4 may be surrounded, other leakage flux decreases. 
[0032] Moreover, also in which arc formula evaporation-source 2a of drawing 1 and the drawing 10 , the example of 
illustration and reverse are sufficient as the sense of line of magnetic force 12. Even if it makes it such, it is only the 
same as that of the above that the revolution orientation of the electron which coils around line of magnetic force 12 
only becomes reverse of other operations. 

[0033] Moreover, materials other than Ti which it is not limited to a specific thing and mentioned above, for example, Zr, 
Hf, TiAl, aluminum, Cu, Cr, Mo, W, Ta, V, C, etc., are sufficient as the material of cathode 4. For example, few Cr layer or 
CrN layer of the number of drop let can be formed by using Cr for cathode 4. 

[0034] Moreover, as a magnetic-field formation means, you may use the permanent magnet made to generate the 

above magnetic fields instead of the above magnetic-coil 8a and the coil power 10. 

[0035] 

[Example] TiN layer was formed in those front faces using the arc formula ion plating system shown in drawing 1 1 , 
having used two or more shafts made from stainless steel (the diameter of 10mm, the length of 100mm) as the base 18. 

[0036] This equipment has the vacuum housing 32 by which evacuation is carried out with the evacuation equipment 
34, and the electrode holder 40 rotated by the orientation of arrow head B is formed in it by the driving gear not to 
illustrate. 42 is bearing which has an electric-insulation function. To this electrode holder 40, two or more 
above-mentioned bases 18 are held. Negative bias voltage is impressed to the electrode holder 40 and the base 18 
from the bias power supply 44 of a direct current In a vacuum housing 32, the following gas 38 is introduced from a gas 
inlet 36. 
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[0037] One arc formula evaporation-source 2a same with having been shown in drawing 1 is attached in the wall 
surface of this vacuum housing 32 towards the base 18 on a electrode holder 40 through the insulator 46. In this 
example, cathode 4 consists of Ti and is held at the cathode electrode holder 50. 48 is an insulator. In this example, the 
vacuum housing 32 serves as the anode plate (anode), an arc discharge voltage is impressed from the arc power 52 of 
a direct current between cathode 4 and the vacuum housing 32, and arc discharge arises between cathode 4 and the 
vacuum housing 32. 54 is a trigger for arc ignition. In this example, number of turns are 150 times, and magnetic-coil 8a 
is taken as water cooling, in order to prevent the increase in resistance by generation of heat. 
[0038] In case of membrane formation, the bombardment process was performed in advance of the membrane 
formation process in this example. 

[0039] At a bombardment process, after holding the above-mentioned base 18 to a electrode holder 40 and exhausting 
the inside of a vacuum housing 32 with the evacuation equipment 34 first to the pressure of about 1x10 to 5 or less 
Torrs, about 50 seem introduction of the Ar gas is carried out as gas 38 from a gas inlet 36, and the pressure in a 
vacuum housing 32 is held to about 3 mTorrs. The bias voltage of -1000V is impressed to a base 18 from bias power 
supply 44. If the current of the coil power 10-100A is passed to magnetic-coil 8a of arc formula evaporation-source 
2a, the magnetic field of about 1200 Oes will be formed in the vaporization side 5 of cathode 4. In the status, the arc 
discharge voltage is impressed to cathode 4 from the arc power 52, if the side face of cathode 4 is made to carry out 
the short-time contact of the trigger 54, it will serve as a seed, arc discharge occurs and continues between cathode 4 
and the vacuum housing 32, and an arc plasma is generated near the front of cathode 4. The arc current at this time is 
taken as 60A. By this arc discharge, cathode 4 melts, the cathode matter 6 evaporates from the vaporization side 5, the 
part is ionized by the arc plasma, a negative bias voltage accelerates towards a base 18, and this ionized cathode 
matter ion collides with a base 18. If the status is held for about 3 minutes, while each base 18 is heated to about 380 
degrees C, the spatter of each base 18 will be carried out by collision of cathode matter ion, and the defecation of the 
front face will be carried out. 

[0040] It goes into a membrane formation process following the above-mentioned bombardment process. That is, in the 
case of this example, gas 38 is switched to nitrogen gas, it carries out about 100 seem introduction of it, and holds the 
pressure in a vacuum housing 32 to about 20 mTorrs. And bias voltage impressed to a base 18 is set to -200V, and the 
arc current passed to cathode 4 is set to 80 A If the status is held for about 10 minutes. TiN layer of about 3 
micrometer ** will be formed in the side face of each base 1 8. 

[0041] Dispersion in the thickness of TiN layer in the shaft orientations of the stainless steel shaft formed as 
mentioned above is shown as an example all over Table 1. Moreover, dispersion in the thickness at the time of forming 
membranes similarly instead of the above arc formula evaporation-source 2a using the conventional arc formula 
evaporation source 2 shown in drawing 12 is shown as an example of a comparison all over Table 1. Furthermore, in the 
above-mentioned example and the example of a comparison, cathode 4 is exhausted and, similarly the life of the 
cathode 4 when making the time of having stopped obtaining a regular membrane formation speed and a thickness 
distribution into a life is shown all over Table 1 . 
[0042] 
[Table 1] 
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[0043] As shown in this table, compared with the example of a comparison using the arc formula evaporation source 2 
of the former [ direction / of the example using arc formula evaporation-source 2a concerning this invention ], the 
homogeneity of a thickness is high, and a cathode life is long. Incidentally, about the drop let on the front face of a 
base, both the example and the example of a comparison were good. 
[0044] 

[Effect of the Invention] As mentioned above, according to this invention, since the magnetic field strength in the 
vaporization side of cathode forms the magnetic field of 700 or more Oes by the magnetic-field formation means, a 
high-density plasma can be generated near the front of a vaporization side, and this high-density plasma can 
decompose efficiently the drop let contained in the cathode matter. Consequently, the drop let which disperses from 
cathode can be reduced. 

[0045] And since the above-mentioned magnetic-field formation means generates the line of magnetic force emitted 
which is emitted and parallel-advances ], without converging in the front of the vaporization side of cathode, cathode 
matter ion stops receiving convergence in the front of a vaporization side, and the radiation zone of cathode matter ion 
becomes large. Consequently, the high membrane formation field of thickness homogeneity also becomes large. 
[0046] Furthermore, since the angle with the orientation of the normal stood to the arbitrary points within a 
vaporization side and the line of magnetic force in the concerned point to accomplish generates 30 or less line of 
magnetic force 0 times or more, the above-mentioned magnetic-field formation means or the arc spot in a vaporization 
side moves the inside of a vaporization side at random — a vaporization side — a little — outside approach — going 
around — coming — the vaporization side whole — about — Mr. one is exhausted or the whole vaporization side is 
made exhausted [ in / outside approach / for specific gravity ] a little Consequently, since it comes to use the 
vaporization side of cathode uniformly, the life of cathode can be lengthened. 



[Translation done.] 
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